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Tom tit:

Bai bao trinh bay két qua nghlen ctru ly thuyet va mé phéng cu tric nano bac (Ag) tuin hoan 2D tao hiéu @wng cong
hwéng plasmon bé mat Vung hong ngoai gan. Pé 1am ré co ché cong hwong plasmon bé mat caa clu tric, ly thuyet
cong hwéng plasmon bé mat dinh xir va khong dinh xir da dugc trinh bay. Phuong phap dao ham hiru han trong
mién thoi gian (FDTD) dugce st dung dé mo phéng cac tinh chit quang cuia cau truc nano Ag sap xep tudn hoan
2D va kiém chirng két qua tinh toan ly thuyet thu dugc. Cac tinh toan, mé phéng vé s phu thudc ciia cong huwéng
plasmon bé miit vao chiét suit ciia méi truong xung quanh cho thiy ciu tric dwge dé xuit nhay véi mai truong chit
khi, véi do nhay trung binh 1423,7 nm/RIU (don vi chiét suit) va hé s6 pham chat (FOM) trung binh dic trung cho
dd chon loc 12 110,2 RIU. Céc két qua tinh toin va mé phong 1am nén tang cho viée ché tao cac cim bién chiét suit
plasmonic viing hong ngoai gin nhay véi sw thay ddi nhé ciia méi trwdong xung quanh.

Tir khéa: cam bién plasmonic, cgng hwéng plasmon bé mét, dao ham hiru han trong mién thoi gian.
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Abstract:

This paper presents the results of theoretical research and numerical simulation of two-dimensional (2D) metasurfaces
of silver (Ag) nanostructures that enable the surface plasmon resonances in the near-infrared regions. To clarify the
mechanism of surface plasmon resonance that appears in the designed structures under electromagnetism stimuli,
the theory of localised surface plasmon resonance and propagating surface plasmon resonance was presented.
The finite-difference time-domain (FDTD) method was used to simulate the optical properties of 2D periodically
arranged Ag nanostructures and to verify the theoretical prediction results. Calculated and simulated results for the
dependence of the surface plasmon resonance and the refractive index of the surrounding medium are performed
and show that the proposed structure is sensitive to the gas environment, with an average sensitivity of 1423.7 nm/
RIU (refractive index unit) and the average quality factor (FOM) characterising the selectivity is 110.2 RIU". The
calculation and simulation results provide a general guideline for plasmonic metasurface sensing device designs that
are sensitive to small changes in the surrounding environment.
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1. Md dau

Hiéu Ung plasmon bé mit (Surface Plasmon - SP) xay
ra do sy tuong tac cia song dién tur va dién tir ty do tai bé
mat kim loai ¢o6 kich thudc nho hon bude song, dac bigt voi
cac kim loai quy nhu vang (Au), bac (Ag), bach kim (Pt)...
Dudi tac dong du 1on cia nang lugng dién tur, cac dién i ty
do tai bé mit kim loai s& duoc kich thich. Tai tan sé (budc
song) phu hop, cong hudng s€ xdy ra, bién d6 dao dong tap
thé cua cac dién tir dat gia tri cyc dai. Cong huong plasmon
bé mat gdy ra sy tang cuong dién tr truong tai bé mit phan
cach kim loai-dién moi, dan téi cac twong tic quang manh
tai bé mat: tan xa, hép thu... [1].

Theo S.A. Maier (2007) [2], mét trong nhitng ddi tugng
nghién ctru plasmonic hién nay 13 cic img dung tiém ning
dua trén cac tinh chat dic biét cua cong hudng plasmon bé
mit. Cac cdu tric nano kim loai tao hiéu ung cong huong
plasmon bé mat hap thu hoan toan dnh sang t61 thu hut ngay
cang nhiéu sy quan tim cia cac nha khoa hoc [3]. Cac ciu
trac nay hap thu hau hét anh sang t6i, ngin can bat ky su
phan xa hay truyén qua nao tai vi tri cdng huong. Bén canh
d6, nhitng tinh chat quang hoc nay nhay véi sy thay doi
cia moi truong xung quanh ciu tric, mang lai tiém ning
cho nhiing tmg dung vé cam bién, vi du nhu: cam bién
sinh hoc [4], chdn doan hinh anh [5], phat hién thudc trir
sau [6]. Ngoai ra, cac nha khoa hoc con phat hién cAu tric
plasmonic ciing c6 thé tmg dung cho ting cuong huynh
quang va quang phd Raman [7]. Khong dimng lai tai d6, cac
vat liéu plasmonic cho céc tng dung lién quan dén ning
lugng cling thu hut duoc nhiéu sy quan tim nghién ctu [8].

Do d6, hudng nghién ciru vé cac cau triic nano kim loai
tudn hoan tao ra cic tinh chit quang dic biét thong qua
hiéu g cong hudng plasmon bé mit ngay cang nhan dugc
nhiéu sy cht y. D6 ciing 14 Iy do nhom tac gia lya chon
nghién ctru v& cdu tric nano Ag tuan hoan tao hiéu tng cong
huong plasmon bé mit ving hong ngoai gan dinh hudng
g dung cho cam bién chiét sudt bang tinh toan 1y thuyét

(B)

Hinh 1. Minh hoa c4u triic nano Ag sap xép tuan hoan 2D. (A) Minh
hoa cAu tric 3D; (B) Mt cat clia mot 6 don vi. CAu tric dwoc xac dinh
bdi cac thong sb bao gébm héng sé mang P, dwéng kinh cot polyme D,
chiéu cao cot polyme h, dd day I&p Ag t trén dé thiy tinh va trén dinh
cOt polyme va do day I6p Ag bao quanh cét polyme d.
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va md phong s6. Cu thé hon, cau triic duge lwa chon nghién
cuu la mang hai chiéu (2D) cua cac ph?ln tor dang ct polyme
trén dé thuy tinh dugc pht boi mot 16p mang mong Ag (hinh
1). CAu tric nay dugc dic trung boi hing sé mang (chu ky
tuan hoan) P, dwdng kinh D va chiéu cao 4 cua cot polyme,
d6 day ¢ cua 16p Ag trén dé thuy tinh va trén dinh cia cot
polyme va d¢ day d ctia 16p Ag bao xung quanh ¢t polyme.

2. Phuang phap nghién ciiu

Nhu da dé cap, khi ngudn sang kich thich (4nh séng toi)
tuong tac voi cAu trac kim loai - dién méi, hiéu ung plasmon
bé mit (c6 thé) xuat hién. Dya trén ban chat ciia hién tuong,
hiéu ung plasmon bé mit duge phén loai thanh hiéu Gng
plasmon bé mit dinh xtr (Localised Surface Plasmon - LSP)
va hiéu tmg plasmon bé mit khong dinh xtr (Delocalised
Surface Plasmon - DSP hay Propagating Surface Plasmon
- PSP).

Hiéu mg plasmon bé mat khong dinh x&r gan lién véi
céc bé mat kim loai tiép xuc voi moi truong dién moi. Tai
mat tiép xtc kim loai - dién méi, hi¢u Gtng plasmon bé mat
biéu hién bai cac song dién tir lién két chat ché véi bé mat
kim loai. Piéu nay lam ting cuong dién trudng gan bé mat
theo hudng vudng goc véi bé mit tiép xuc kim loai - dién
moi, dién truong nay suy giam theo ham mil cia khoang
cach tir bé mat kim loai. Mac du plasmon bé mat c6 thé lan
truyén khi chung duoc tao thanh tai tiép xtic kim loai - dién
moi phang, thuc té 1a ching khé c6 thé bi kich thich boi anh
sang lan truyén tu do, vi dong lugng ciia plasmon bé mit 16n
hon ciia 4nh sang kich thich & cing tan sé (budc song) [9].
Dé tao ra plasmon bé mat, nhiéu phuong phap da duoc dé
xuat dé 1am can bang dong luong, bao gdm: (i) Str dung két
hop lang kinh nhiam ting dong lugng cia anh sang toi; (ii)
Tan xa tir khuyét tat hinh hoc (dang 16) ciia mang mong kim
loai c6 thé tao céac plasmon bé mit cuc bd va (ii1) CAu trac
cach tu (grating) trén bé mit kim loai [10].

Trai ngugc v6i ban chat lan truyén séng trén tiép xuc
kim loai - dién moi ctia hiéu ung plasmon bé mat khong
dinh x1, hiéu Gng plasmon bé mat dinh xt 1a két qua cua
qué trinh dao dong tap thé cua cac dién tor tu do dudi kich
thich cua song dién tr va bi gidi han & bé mit cua phén tor
kim loai. Khac véi kim loai khéi, hiéu ing plasmon bé mat
& cac phan tir kim loai kich thudc nano c6 thé duge kich
thich truc tiép boi song dién tir lan truyén trong ving nhin
thy. Cac dién tir tu do dao dong diéu hoa do truong dién tir
dao dong khi ngudn sang kich thich twong tac véi phan tir
kim loai. Cong hudng xdy ra khi tan s (budc séng) ctia anh
sang t6i phu hop voi dao dong tap thé cua cac dién tir ty do
tai bé mat phﬁn tr kim loai, dan t&i xuét hién cac tinh chat
quang dac biét [11].
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Theo d0, céu tric Ag tuan hoan 2D duoc gidi thidu &
phan 1 ¢6 thé mang lai ca hiéu Gng plasmon bé mat dinh xt
va khong dinh xtr. i v6i hiéu img plasmon bé mat khong
dinh x hinh thanh trén bé mat cdu trac Ag tuan hoan 2D,
diéu kién cong hudong duoc moé ta boi 1y thuyét nhiu xa
cach tir nhu sau [2]:

EPSP = Exy +méx +le (1)

trong do, ];PSP 1a vec-to song cua PSP va duoc biéu dién
boi:

)

kPSP

voi k 14 hinh chiéu trén mt phang xoy clia vec-to song toi
k V01 g0c t6i 0

k, =k,sin@ 3)

éx va Gy la cac vec-to mang ddo theo truc x va y, dugc
dinh nghia boi:
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Trong truorng hop P = P P, budc song cong hudng
¢6 thé dugc xép xi nhu sau:

©)

trong do, m, [ lan luot 1a bac nhidu xa theo hudng x va y;
g, vae, mo ta ham dién moi cia moéi truong xung quanh
va kim loai Ag. Hi€u ting plasmon
bé mit khong dinh xi&r phu thudc

ttr tw do tai bé mat kim loai, hinh dang va kich thudc cua
phan bd dién tich [11]. Theo cach do, tin s (budc song)
cong hudng va tinh chat quang cua cdu tric tai cong hudng
plasmon bé mait s& thay ddi theo kich thudc ciia phan tir kim
loai, hinh dang cua phﬁn ti kim loai va moi truong dién moi
xung quanh [12].

Bén canh cac tinh toan ly thuyét, dé xem xét cac dic
tinh quang hoc cia cdu tric nano Ag di dugc gioi thidu
trong phan 1 dudi kich thich cta séng dién tir, cac tinh toan
mo phong sb ciing duoc thuc hién thong qua viée str dung
phuong phap dao ham hiru han trong mién thoi gian (Finite-
Difference Time-Domain - FDTD) dugc tich hop trong
phan mém thuwong mai Lumerical [13]. D6i voi cdu trac
tuan hoan 2D, dic tinh cta ciu tric c¢6 thé thu duoc tir mot
6 don vi v6i diéu kién bién phu hop. O tinh toan don vi can
dugc dinh nghia trudc khi mién FDTD duge xac dinh; kich
thude cta chung phy thude vao cau hinh nghién ctru. Khong
gian tinh toan dwoc roi rac hoa bang phuong phap chia ludi
ddng nhit v6i phan tir ludi ¢ kich thude 1 nm. Dinh va day
ctia mién FDTD dugc sir dung 16p hap thu hoan hao (Perfect
Matched Layers), cung voi cac mit xung quanh tuan hoan
(Periodic Condition). Nguén song phéng v6i phan cyc dién
truong theo phuong x duge st dung lam song téi. Phia trén
va dudi cdu tric, hai bo thu dugc sir dung dé thu nhan anh
sang (song dién tir) phan xa va truyén qua cau tric.

3. Két qua va ban luan

Hinh 2 mo6 ta phé phan xa cua cAu trac duoc dé xuét
tai hinh 1 dudi goc toi vudéng goc mit phang cau trac. Cac
tham sd céu tric bao gém duong kinh cét polyme D=1000
nm, chiéu cao cot polyme #=800 nm, do day 16p Ag =100
nm va (i) do day 16p Ag bao xung quanh cdt polyme d=30
nm va chu ky tudn hoan P cia cdu triic c6 cac gia tri 1200,
1300, 1400, 1500, 1600, 1700 va 1800 nm hodc (ii) chu ky
tuan hoan P=1400 nm va d6 day 16p Ag bao xung quanh cot

(A) 1,0
vao ham dién moi cia mdi truong
va kim loai, bac nhicu xa va hang so 038
mang cua cau tric tuan hoan. £ i
= )
\ ~m
Cong hudng plasmon bé mat &
. o gAs e A , © 04
dinh xr doi véi cau tric nano Ag o
‘A , 5 , 2 ==
trong nghién ctru nay c6 thé dugc 0.2}
kich thich bdi anh sang c6 tan sb
o . i a 5 ; :
(bude song) thich hop. Tuy nhién, e

viéc du doan chinh xéc tan sd (budc
song) cong huong 1a khong thuc té.
Céc nghién ctru vé hi¢u tng plasmon
bé mat dinh x{ chi ra rﬁng, hi¢u ing
nay phu thuoc manh vao mat do dién
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Hinh 2. Phé phan xa cta c4u tric nano Ag tuan hoan 2D dwoc minh hoa tai hinh 1 dwéi tac
dong ctia ngudn sang téi vudng goc véi mat phang cau tric. (A) D=1000 nm, d=30 nm, h=800
nm, =100 nm va P thay déi trong khoang 1200-1800 nm; (B) D=1000 nm, P=1400 nm, h=800 nm,
=100 nm va d thay ddi trong khoang 0-50 nm.



polyme d=0, 10, 20, 30, 40 va 50 nm. Ciu 1800
tric tu?m hoan 2D cua cac cot polyme dé 1750
lam nén cho cau tric duoc nghién ciru. p—
C6 thé nhén thay tai hinh 2A, tai moi chu

ky P, phd phan xa ciia cau trac déu xuat ~ E 1650
hién hqi day tai do d6 phan xa thép hop ‘:', 1600
mirc nén trung binh. Pac tinh nay xuat .§ 1550
phat tir cong huong plasmon bé mat dinh o p—
xr va khong dinh xr. Quan sat chi tict §

cho thay trén phd phan xa ciia cdu triic -
tuong Ung vai tat ca cac chu ky P duoc 1400
xem xét déu xuét hién mot vi tri cong 1350
hudng lan can tai bude song 1325 nm va —

hau nhu khong thay doi khi chu ky tun 1
hoan P thay d6i. Két qua nay phu hop
v6i tinh chat d dugc trinh bay phia trén
ctia cong hudng plasmon bé mit dinh xu.
Nguoc lai, day cong hudng con lai dich
chuyén sang ving budc song 16n hon khi
chu ki tudn hoan P cua cdu truc ting 1én.
Phén tich chi tiét hon cho thay, cac budc
song cong huong co xu hudng thay dbi tuyén tinh véi chu
ky tudn hoan, vi tri budc song cong huong phu hop voi cong
thirc. Diéu nay dua toi két luan rang, budc song cong huong
ndy c6 nguon gbe 1a cac plasmon bé mat khong dinh xur.
Ddi véi cac gid tri khac nhau cua hang sb mang, P=1400 nm
mang lai phd phan xa v6i mot day phan xa 16 rang, do tuong
phén cao nhat tai budc séng ~1443 nm.

1,02

Quan sat hinh 2B nhan thay, khi d¢ day cua 16p Ag bao
quanh cot polyme thay d6i, phd phan xa cua cau trac thay
d6i. Lop Ag xudt hién, ngan can anh sang truyén qua, dong
thoi lam thay doi tinh chat cua hiéu ung plasmon bé mit
do lam thay ddi phan bd cua dién ti tu do. Diéu nay duogc
thé hién dic biét 16 rang khi thong s6 nay thay doi tir 0 1én
10 nm, khi d6 day cong hudng thir 2 trong phd phan xa tai
d=0 nm tai budc séng ~1500 nm tré' nén twong phan hon
va ¢6 xu hudng dich vé bude song ngan hon khi d=10 nm.
Khi tiép tuc - tang d6 day 16p Ag d bao quanh cot polyme, c6
thé nhan thdy budc song cong huong tiép tuc dich vé budc
song ngan, dat gia tri on dinh véi d=30 nm (khi do day 16p
Ag ting 1én, phd phan xa cua cAu triic gan nhu khong d6i).
Bén canh do, c6 thé nhan thay, trong cac do day 16p Ag dugc
xem xét, d= 30 nm cho phd phan xa voi ddy cong hudng 6 on
dinh, tuong phan cao, tach biét khoi nén phan xa.

Vi véy, cdu tric voi cac thong sé P=1400 nm, /=100 nm,
D=1000 nm, /=800 nm va d=30 nm dugc lua chon dé thuc
hién céc nghién ctru tiép theo khi cac chiét suit cua moi
truong xung quanh thay doi.

Hinh 3 mé ta phd phan xa cta cau trac duoc dé xut khi
chiét sudt moi truong xung quanh thay doi tir 1,0 dén 1,20,
tuong tmg véi moi truong khi - hoi. Trong pham vi phd dwoc
xem xét, mot vi tri ddy phan xa tuong Ung voi mau xanh
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Hinh 3. Ban dd mau thé hién sw thay dbi bwéc séng cdng hwéng va hé sé phan xa
cla cau tric nano Ag tuan hoan 2D vé&i cac thong s6 P=1400 nm, =100 nm, h=800 nm,
D=1000 nm va d=30 nm khi chiét sudt méi trwérng xung quanh thay déi trong khoang
1,0 dén 1,2. Mau xanh dam va mau dé dam moé ta twong ng hé sé phan xa dat gia tri cuc
tiéu (~0) va gia tri cwc dai (100%) trong chiét suét nghién ctru.

dam duoc quan sat kha rd rang. C6 thé nhan thiy, ving mau
xanh dam dich chuyén 1én trén khi chiét suat moi truong
xung quanh ting 1én, diéu nay biéu thi su dich chuyén cong
hudng sang budc song dai hon. Ngoai ra, mdi sy thay ddi nho
trong chiét sudt cia mdi trudng xung quanh dan dén su dich
chuyén dang ké cua budc song cong huong, diéu nay phu hop
cho ting dung cam bién chiét suat co do nhay cao. Thém vao
d0, c6 thé nhan thiy cong hudng quan sat dugc co do twong
phan cao, nhu vdy dam bao hi¢u suét cta cac linh kién cam
bién khi hoat dong trong méi truong c6 nhidu.

Bang 1 liét ké cac thong sd quang hoc cua linh kién
cam bién khi chiét suét thay ddi tir 1,0 (khong khi) dén
1,20 (hoi nudc), budc song cong hudng tuong tng cung do
nhay va hé sb phém chat. Bo nhay, dugc dinh nghia béng
S =AA/An, thay d6i trong khoang 1350-1500 nm/RIU cho
khoang chiét suat dugc xem xét v6i An va AA 1a d6 thay
d6i chiét suat va do dich chuyén budc song twong tmg. Gia
tri trung binh ctia d§ nhay tinh toan dugc la ~1423,7 nm/
RIU. Ngoai ra, mdt yéu t quan trong khac khi xem xét dén
hoat dong ctia cam bién do6 1a do chon loc, duoc danh gia
bang hé s6 pham chat FOM. Thong s6 nay dugc xac dinh
tai vi tri cong huodng boi ty sb gilta d6 nhay va ban d6 rong
ctia phd cong huong (FWHM) FOM = S/FWHM [14] va
thay ddi trong khoang tir 99 dén 124 RIU"' ddi v6i ving
chiét suat duoc nghién ctru. Gid tri trung binh cta thong s6
nay khoang 110,2 RIU"! cho viing chiét suét tir 1,0 dén 1,20.
So sanh v&i két qua cong bd ciia T.K. Nguyen va cs (2017)
[15] khi méi truong chiét suit twong dong, céu trac cam
bién dugc dé xuat co do nhay cao hon ~1,3 1an (1423,7 so
voi 1109 nm/RIU) va d6 chon loc cao hon ~2,8 lan (110,2
so voi 38,8 RTU™).
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Bang 1. Tinh chat quang cua linh kién cam bién khi chiét suat moi
trwong thay doi 1,0-1,2.

Chiét sudt  Buwéc song cong hwéng Do nhay Hé s6 pham chét
(RIU) (nm) (nm/RIU) (RIUY)
1,0 1442.9 - -
1,01 1457,5 1460,0 123,73
1,02 1471,4 1390,0 106,60
1,03 1485,6 1417,0 126,07
1,04 1500,0 1444,0 115,52
1,05 1514,7 1473,0 115,53
1,06 1528,7 1393,0 107,32
1,07 15429 1420,0 117,07
1,08 1557,3 1446,0 107,35
1,09 1570,9 1359,0 108,11
1,10 1585,9 1499,0 107,30
1,11 1600,0 1410,0 108,13
1,12 1614,4 1435,0 108,06
1,13 1629,0 1461,0 118,97
1,14 1642,6 1363,0 99,13
1,15 1656,4 1385,0 99,00
1,16 1671,8 1539,0 118,93
1,17 1686,2 1435,0 99,17
1,18 1700,8 1461,0 121,35
1,19 1714,3 1350,0 99,19
1,20 1728,0 1371,0 110,12
Trung binh 1423,7 110,2
4. Két luan

Bai bao trinh bay cau triic nano Ag sip xép tuan hoan 2D
tao hiéu (mg cong hudng plasmon bé mit ving hdng ngoai
gan bang nghién ctru 1y thuyét va mo phong. Ly thuyét vé
hi€u ung plasmon bé mit, phuong phap s6 dé giai bai toan
dién tir cta cdu trac nano Ag di duoc trinh bay. Két qua mo
phong sb vai su thay doi cua hing sé mang va do day 10p Ag
bao quanh cot polyme da dugc trinh bay, phan tich va kiém
ching 1y thuyét. Tiép do, sy thay doi cua hién tugng cong
huong d6i véi chiét sudt moi truong khi-hoi dugc nghién
ctru. Két qua cho thay, ciu trac dé xuét c6 do nhay cao hon
~1,3 1an va do chon loc cao hon ~2,8 14n so véi mot s6 ciu
trc twong ty duge nghién ciru trude d6. Cau tric ma bai bao
dé xuét co trién vong phat trién thanh linh kién plasmonic
ting dung cho y sinh hoc hoat dong trong ving hong ngoai
gan. Pay 1a hudng nghién ciru méi ma nhom tac gia la mot
trong sb it nhom dang nghién ctru tai Viét Nam.

JHOAHOC . [
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Nghién ctru nay dugc tai trg bdi Truong Pai hoc Khoa
hoc va Cong nghé¢ Ha N6i, Vién Han 1am Khoa hoc va Cong
ngh¢ Viét Nam trong dé tai ma s USTH.AE.01/23-24. Céc
tac gia xin tran trong cam on.
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